Introduction
The reduced ternary oxides of titanium form a class of compounds that can exhibit interesting electronic properties as well as intriguing structural features. Some species are superconductors, such as SrTiO 3-x (1, 2) and the spinel Li 1+x Ti 2-x O 4 for x < 0.16 (3, 4) . Often, complex ternary titanates adopt structures based on sheared chains of TiO 6 octahedra as in Na 2 Ti 6 O 13 (5) , Na 2 Ti 7 O 15 (6) , and K 3 Ti 8 O 17 (7) . Other representatives of this class have tunnel structures, e.g., related to the hollandite structure as in A x Ti 8 O 16 (A = K, Rb, Cs) (8) , or the calcium ferrite structure as in NaTi 2 O 4 (9) . Recently, more complicated tunnel structures have been observed in the reduced Na-Ti-O compounds Na 2 Ti 4 O 9 (10) , and Na 1.7 Ti 6 O 11 (11) . While investigating the use of borate fluxes for the crystallization of reduced ternary transition metal oxides under inert atmosphere we attempted recrystallization of the Ti 3+ 
Experimental

Sample Preparation
A mixture of SrTiO 2.5 and SrO · 2B 2 O 3 (in 1 : 2 molar ratio) was placed in a Mo-foil cup with a Mo-foil lid, and heated in vacuo (in a Centorr high-vacuum furnace) to 400°C to remove adsorbed water, and then to 1100°C (1 hr, 10 -6 -10 -7 Torr), after which the mixture was slowly cooled (6°C/hr) to 940°C. The heater was subsequently turned off, allowing the sample to reach room temperature in 1 hr. The flux was removed using a dilute aqueous HF solution. The product contained small purple crystals of up to 0.5 mm of SrTi 11 O 20 (as determined by single crystal X-ray diffraction), together with very thin blue needles of an as yet unidentified species (also with low Sr-content, as indicated by EDAX).
A mixture of LaTiO 3 and La 2 O 3 · 3B 2 O 3 (in 3 : 2 molar ratio) was similarly heated to 1250°C and cooled (6°C/hr) to 1140°C. The product proved moisture-sensitive, and the mixture had to be broken up mechanically. The reaction resulted in a solidified melt on top of which a layer of greenish-blue crystalline material had formed. 
Structure Determinations
The crystals were measured at 23°C on an Enraf-Nonius CAD-4 diffractometer using graphite-monochromatized MoKα radiation and the NRCCAD program package (12) . All calculations were carried out on an Alliant FX/80 computer, using the NRCVAX structure package (13) . Lattice parameters were determined from the absolute 2θ values of reflections at high angle (SrTi 11 O 20 : 36 reflections with 40° < 2θ < 50°, La 1.33 Ti 8 O 16 : 20 reflections with 41° < 2θ < 52°). The metal atom positions were obtained by direct methods. A Gaussian absorption correction was applied, and anisotropic temperature factors for the metal atoms (and oxygen atoms in La 1.33 Ti 8 O 16 ) were included in the refinement. Further experimental and crystallographic data are listed in Table I , atomic coordinates and isotropic thermal parameters in Tables II and III. O 20 crystallizes in the triclinic space group P1, and its unit cell contains eleven crystallographically independent octahedrally coordinated Ti-atoms. A polyhedral representation of the crystal structure is shown in Fig. 1 , viewed along the b-axis. Selected interatomic distances are listed in Table IV . The structure can be considered as being built from two types of layers of TiO 6 -octahedra parallel to [100], connected by oxygen sharing. One layer (A in Fig. 1 ) consists of parallel "double rutile" chains in the structure (around z = 0, Ti(2, 5, 9), and z = 1/2, Ti(4, 6, 8), respectively), and they are interconnected by a single TiO 6 -octahedron (Ti (7)). This caps three octahedra of the z = 1/2 chain by sharing three edges, while sharing only one edge with one octahedron in the z = 0 chain. In this way a 2D-network is formed with cavities for the Sr-atoms. The B layer (shown in Fig. 2b ) consists of parallel single chains of edgesharing TiO 6 -octahedra (Ti(1, 3, 10, 11)) that are sheared after every block of four octahedra. The first two octahedra of a block share edges with the two last octahedra of the previous block. These chains also run parallel to the b-axis and are centered around z = 1/4, 3/4, thus "capping" the Sr-containing cavities in the A layer. An alternative description of the structure is based on the presence of close-packed layers of ions parallel to [100] . Around x = 1/6, 5/6 oxygen atoms form a close-packed layer (Y), while around x = 1/2 the O and Sr ions form a distorted SrO 6 layer (Z). The layer stacking sequence is [YYZ] ∞ , and the A layer of octahedra is associated with ordering of Ti-ions in octahedral holes in the YZY sequence, the B layer of octahedra with ordering of Ti-ions in octahedral holes in the YY sequence.
The Sr-ion occupies a somewhat distorted cuboctahedral site that appears to be too large for a regular 12-coordination of the cation. The average Sr-O distance is 2.95 Å, significantly larger than, e.g., the 2.76 Å for cuboctahedral Sr in SrTiO 3 (15) . The Srion is clearly positioned off-center in the site, and three of the Sr-O distances exceed 3.3 Å. The average of the remaining nine Sr-O distances in 2.78 Å.
As is to be expected in structures composed of multiply edge-sharing octahedra, the TiO 6 -octahedra in SrTi 11 O 20 are all more or less distorted due to the mutual repulsion of the Ti-ions. All diagonal O-Ti-O angles are smaller than 175° (180° for an undistorted octahedron), and for three of the four Tiatoms in the B layer (Ti(3, 10, 11)) even smaller than 170°. The strongest distortion is exhibited by Ti(10), with O-Ti-O diagonal angles of 168.2°, 165.8°, and 164.7°, and Ti-O distances ranging from 1.88 to 2.13 Å.
In the ionic limit, the compound can be formulated by charge compensation as Sr 2+ Ti (17) ). The average Ti-O distances for the TiO 6 -octahedra in the A layer (overall 2.014 Å) are all slightly larger than for those in the Blayer (overall 1.992 Å), but this difference is on the borderline of significance, and does not allow any conclusions with respect to possible site preference for either Ti 3+ or Ti 4+ in the structure. Attempts to perform single-crystal resistivity measurements on SrTi 11 O 20 have failed so far due to the high contact resistance of Ag/epoxy or evaporated silver contacts on the crystal surface as obtained after etching away the flux, and the small size of the crystals, which precludes cleavage to obtain a fresh contact surface.
This phase crystallizes in the hollanditetype tunnel structure, which is slightly monoclinically distorted for the La-compound (K 1.35 Ti 8 O 16 , the other known reduced Tihollandite, is tetragonal I4/m, a = 10.188(2) Å, c = 2.9661(7) Å (18)). Although rarely observed for Ti-hollandites, monoclinic deformation of hollandite-type oxides occurs quite commonly, e.g., in the minerals cryptomelane and hollandite itself (19) . This appears to be related to the ratio r B /r A of the ionic radii for the octahedrally coordinated cations and the tunnel site cations, respectively. Monoclinic distortion is generally observed for r B /r A > 0.48 (19) , and the value of 0.64 for La 1 Fig. 3 , projected along the b-axis. Selected interatomic distances are listed in Table V . The hollandite structure is based on linear "double rutile" chains of edge-sharing TiO 6 -octahedra that run parallel to the unique axis, and are linked together to form a framework of parallel tunnels. The A-cation resides in the tunnel, and ordering and correlation of occupied and vacant sites often form commensurate or incommensurate superstructures. This phenomenon has been extensively studied, e.g., by X-ray and electron diffraction (see for example (20) and references cited therein). As observed in other hollandite-type oxides with a relatively small cation occupying the tunnel sites (19) , the La-ion in La 1.33 Ti 8 O 16 is displaced from the special position along the tunnel direction and thus occupies an acen- 16 (cell parameters from single crystal X-ray diffraction: a = 10.170(1) Å; c = 2.9649(2) Å; x = 1.28(2), from semiquantitative EDAX).
Conclusions
As we observed previously in the crystallization of reduced ternary niobate species (22) (23) (24) , borate fluxes are useful media for obtaining single crystals of reduced ternary transition metal oxides. It appears, however, that reduced titanates are considerably more susceptible to partial oxidation through oxygen or water gettering than reduced niobates, even under high-vacuum conditions. In this case, starting from Ti 3+ ceramics, it has led to the formation of new mixed-valence phases. The buffering ability of the borate fluxes for alkaline-earth or lanthanide oxides allows formation of solid phases with metal ratios different from the starting material. Here the products are considerably depleted in SrO and La 2 O 3 , respectively, relative to the starting material (borates can also act as an oxide source, e.g., in the reaction between NbO 2 and BaO · 3B 2 O 3 (22, 24) ).
As it has been impossible so far to prepare the new phases separately by ceramic procedures, it may well be that the flux plays a very important role in the thermodynamics of the product formation. In the reduced Sr-Ti-O phase diagram (studied on ceramics at 1350°C), Roy et al. observed a Sr-poor phase, tentatively identified as SrTi 12 O 19 (25) . It is likely that this phase is not related to SrTi 11 O 20 , as the reported X-ray powder diffraction pattern for "SrTi 12 O 19 " and the calculated pattern for SrTi 11 O 20 are very different. The reaction between reduced ternary transition metal oxides and borate fluxes provides an interesting means to obtain new reduced ternary phases.
